Leiopathes glaberrima is a tall arborescent black coral species structuring important facies of the deep-sea rocky bottoms of the Mediterranean Sea that are severely stifled by fishing activities. At present, however, no morphological in vivo description, ecological characterization, age dating and evaluation of the possible conservation actions have ever been made for any population of this species in the basin. A dense coral population was reported during two Remotely Operated Vehicle (ROV) surveys conducted on a rocky bank off the SW coasts of Sardinia (Western Mediterranean Sea). L. glaberrima forms up to 2 m-tall colonies with a maximal observed basal diameter of nearly 7 cm. The radiocarbon dating carried out on a colony from this site with a 4 cm basal diameter revealed an approximately age of 2000 years. Considering the size-frequency distribution of the colonies in the area it is possible to hypothesize the existence of other millennial specimens occupying a supposedly very stable ecosystem. The persistence of this ecosystem is likely guaranteed by the heterogeneous rocky substrate hosting the black coral population that represents a physical barrier against the mechanical impacts acted on the surrounding muddy areas, heavily exploited as trawling fishing grounds. This favorable condition, together with the existence of a nursery area for catsharks within the coral ramifications and the occurrence of a meadow of the now rare soft bottom alcyonacean Isidella elongata in small surviving muddy enclaves, indicates that this ecosystem have to be considered a pristine Mediterranean deep-sea coral sanctuary that would deserve special protection.
Introduction
In the terrestrial environment, trees form complex ecosystems, the forests, which represent important three-dimensional habitats supporting high levels of biodiversity both within their area and in their neighborhoods [1] . Forests supply food, protection, and support to a great variety of organisms, which may establish occasional or highly specialized relationships with both the dead and living portions of the trees [1] .
Similarly, oceans host extraordinary examples of forest-like ecosystems, internationally identified as gardens, comparable in complexity, biodiversity, and structuring role to the terrestrial ones, but, especially in the deep-sea, entirely structured by colonial animals [2, 3, 4] . In the Mediterranean Sea, the habitat-forming species of these ecosystems are various colonial anthozoans, such as some alcyonaceans and black corals, which typically show an arborescent vertical development and may inhabit vast areas of rocky bottoms [5, 2, 4, 6, 7, 8] . The flexible organic skeletons of some alcyonaceans and black corals offer a weaker resistance to the current, allowing them to live in areas with a higher hydrodynamism [9, 10, 11, 12] , and, at the same time, may potentially create local turbulence conditions among the ramifications thus favoring the persistence of food in suspension [13, 14, 3] .
The existence of Mediterranean deep-sea black coral gardens is well known due to the fact that these species are common in the fishing bycatch [15, 16] and some of them have been sporadically subjected in the past to collection for the jewellery trade [17, 18] . However, it does not yet exist a comprehensive mapping of the populations of these species, which have always been reported, due to their deep bathymetric distribution, as rare [19] . Recent ROV surveys have documented numerous Mediterranean black coral gardens occupying rocky cliffs or shoals where they may form very abundant monospecific populations, such as those of Antipathella subpinnata (Ellis & Solander, 1786) and Parantipathes larix (Esper, 1790) [2, 12] . Mixed populations of black corals and other habitat-forming anthozoans have been observed both along the continental platform [20, 8] and among the bathyal white corals communities up to 500 m depth [21, 22] , while only sparse colonies have been recently reported in bathyal habitat along French canyons [23] .
Another aspect that these marine ecosystems share with the terrestrial ones is the longevity of the structuring species [24] . Similarly to the oldest terrestrial trees, also some coral species may live for thousands of years [25, 26] . Among the most longevous marine species known so far there are two hexacorallians genera (the zoanthid Savalia and the antipatharian Leiopathes) characterized by a proteinaceous and chitinous skeleton and reaching millennial ages (up to 2742 years and 4265 years, respectively, for two deep-sea Pacific specimens) [25, 27] (see Table 1 for a summary on Leiopathes sp.).
With the exception of the specimens from the Gulf of Mexico, showing a linear growth trend [26] , most of the analyzed Leiopathes specimens showed a differential radial growth in time. Some studies found fastest initial rates (13 μm per year), which tend to progressively slow down (5 μm per year) [25, 27] , while others found slow initial and final growth rates (~4 to 5 μm per year) separated by a period of more rapid growth (20 μm yr −1 ) [28] . Growth rates seem not related to the colony height or basal diameter, while may vary among specimens and in accordance to numerous other parameters, such as locality and depth [27, 28] . Extreme longevity, in any case, remains the common character found in all the populations studied so far and this discovery has triggered the use of Leiopathes species as biological archives of paleoclimatic information and environmental indicators [29, 30, 31, 32] .
The aim of this paper was to characterize the deep-sea coral community of the Carloforte Shoal (Southwestern Sardinia) studying, for the first time, the population structure of the dominant species, the black coral Leiopathes glaberrima (Esper, 1788). This large, arborescent species, despite it was described over two centuries ago in the Mediterranean Sea and may form vast populations starting from 200 m depth [11, 15] , is one of the least known. L. glaberrima represents the type species of the Family Leiopathidae [33] . The genus Leiopathes, the only one of the family, comprehends 8 species [33, 34] of which four have been reported from the Indian Ocean (Leiopathes secunda Opresko, 1998, Leiopathes bullosa Opresko, 1998 and Leiopathes acanthophora Opresko, 1998 Leiopathes valdiviae (Pax, 1915)), three are known exclusively from the North Atlantic Ocean (Leiopathes montana Molodstova, 2011, Leiopathes expansa Johnson, 1899, Leiopathes grimaldii Roule, 1902), while L. glaberrima is the only one reported, so far, both in the North Atlantic Ocean (Macaronesian Archipelago and Bay of Biscay) and in the Mediterranean basin. Firstly described from the Gulf of Naples [35] , this species has been recently reported in numerous localities of both the western and eastern basins from 100 to 720 m depth, from the Alboran Sea to Crete [36, 37, 38, 17, 39, 40, 41, 21, 23, 22, 15, 42] .
In this paper we elucidated the in vivo morphological characteristics of L. glaberrima, its habitat preferences and its associated fauna in order to define the ecological role of this species. Data have been interpreted also in a conservation key, by quantifying the fishing impact on both the rocky and surrounding soft bottom communities and through the age analysis of a black coral specimen.
Materials and Methods

Ethics statement
The ROV Campaign was authorized by Italian Coast Guard (Compamare Cagliari). The radiocarbon dating was conducted on a colony of L. glaberrima collected as bycatch of fishing in the 
Study area
The study area, denominated the Carloforte Shoal is located 11 nautical miles off the Southwestern coasts of S. Pietro, a volcanic island comprehended in the Sulcis Archipelago (western Mediterranean Sea) (Fig. 1a) . The Carloforte Shoal is situated within a complex topographic region in which numerous rocky elevations emerge from a flat muddy bottoms at about 210 m depth. This region is surrounded by an area subjected to intense trawling and long-lines activities as evidenced by the VMS (Vessel Monitoring System) data sheet (Fig. 1b) , such that the rocky bottoms and their immediate nearby soft bottoms are avoided from being repeatedly worked. The investigated shoal is an oblong rocky elevation, about 0.5 km 2 in surface, with a minimum depth of 186 m, encountered along the Southwestern side of the structure (Fig. 2 ). This area of the shoal is characterized by a series of bench terraces only slightly covered by sediments, while, towards the eastward side, the shoal continues with a rocky plateau with only few rocky boulders emerging from patches of detritic sand. At about 200-210 m depth, a belt of muddy bottom is observed surrounding the shoal (Fig. 2) . In terms of hydrodynamism, the Southwestern part of Sardinia, where the Carloforte Shoal is located, is found in an area characterized by strong mesoscale cyclonic eddies and a recent three-dimensional numerical model, studying the surface mean circulation of this area, put in evidence a costal upwelling of deep waters along these coasts, as supported by SST (Sea Surface Temperature) satellite imagery [43] . 
Data acquisition and statistical analyses
The high resolution morpho-bathymetric map (Fig. 2) was obtained by using a hull mounted MultiBeam echosounder, the EM 2040 Kongsberg operating with 300 KHz of frequency. Data were acquired with 40% lateral overlap and processed to remove spikes due to navigation system problems and/or to the acquisition system. Acquisition and processing of data were performed using the CARIS packet (CARIS HIPS and SIPS 8.1.2, Canada). The final data were organized in a grid with cell size of 1 m using the geographic system WGS84 UTM32 N.
Video and photo footage was gathered by a ROV "Pollux" during two surveys conducted in October 2011 and September 2013 on board of the Research Vessel Astrea exploring the Carloforte Shoal in a depth range comprehended between 186 and 210 m depth. ROV was equipped with a digital camera (Nikon D80, 10 megapixel), a strobe (Nikon SB 400), a high definition video camera (Sony HDR-HC7), a navigation camera (1/3-inch SONY CCD, focal length 4-9 mm), and 3 jaw grabbers. The ROV hosted also a depth sensor, a compass, and three laser beams providing a 10-cm scale for the measurement of the frames area and size of organisms. The ROV was equipped with an underwater acoustic tracking position system (Tracklink 1500 MA, LinkQuest Inc.) providing detailed records of the tracks along the seabed.
Four video transects were carried out on the Carloforte Shoal in three distinct habitats: 1) mud (transect T1, 650 m long), 2) bench terraces (transects T2 and T3, 380 and 520 m long, respectively), and 3) plateau (transect T4, 460 m long) (Fig. 2) . Seven hundred and twenty-seven frames (166, 451, and 110 frames for the three habitats, respectively) were randomly extrapolated from the video footage with the software DVDVideoSoft for a total of about 2110 m 2 of explored area (frames on average 3 m 2 ). Each frame was then elaborated with the software ImageJ (Rasband W., Research Services Branch, Maryland, USA) in order to calculate the density of each target species (N°colonies m -2 ± Standard Error). Target species were considered as all the arborescent, habitat-forming anthozoans including scleractinians, alcyonaceans, antipatharians and zoanthids. ROV-Imaging technique was employed also to define the morphometric characteristics of the black coral colonies (basal diameter, height and width) in order study the population structure of L. glaberrima. Measures of height and width were gathered also for Isidella elongata.
Other information, such as associated fauna and the in vivo aspect of the black coral colonies, has been registered. Finally, the fishing impact, based on the number of frames showing lost gears (N°impacted frames) and their direct damages on the colonies (N°of entangled colonies) [11] , has been quantitatively estimated.
Portions of five colonies of L. glaberrima were collected in the study area and preserved in 4% formaldehyde and ethanol 95°for morphological analyses together with samples collected in two other localities ( Table 2 ). The cnidome of the species was examined by squeezing polyps or their portions (mouth, tentacles and interpolypar coenenchyme) on a slide and measuring, by means of an ocular reticle, the cnidocysts (length and width in μm, mean, standard deviation, and coefficient of variation, n = 50) under optical microscopy (Dialuz 20EB, Leitz, 100x oil immersion, total magnification 1000x). For the SEM analysis, fragments of the ramifications were coated with gold-palladium in a Balzer Union evaporator and examined with a Philips EM 515 SEM.
A one-way ANOSIM was carried out to test for differences in species relative abundance between the assemblages of the three investigated areas of the Carloforte Shoal (BT, bench terraces; M, mud; P, plateau). The entire data set was considered: data, sqr(x)transformed, tested with a Bray-Curtis similarity measure, were distributed homogenously with n = 451, 166, and 110 frames, respectively, for BT, M, and P. Moreover, to find out whether there was a significant difference in relative abundance between the three areas of the bank for the dominant target species and for the total coral abundance, a Kruskal-Wallis test was performed (with p = probability, H = Kruskal-Wallis statistic). These analyses were performed using PAST for Windows version 1.91 [44] .
Data of height, width and basal diameter of L. glaberrima (n = 155), normally distributed (checked with the Shapiro-Wilk test, p<0.001), were used to apply, with Excel, two linear regression analyses and were tested with a two-tailed Pearson's correlation. Data of height and width of I. elongata (n = 109), not normally distributed, were tested with a Spearman's correlation. Size-frequency distribution curves were also obtained to express the size structure of the populations of L. glaberrima and I. elongata (in terms of height classes of the colonies).
Radiocarbon dating
One colony of L. glaberrima with a 4 cm basal diameter and a 20 cm long stem (ahead of the rupture) recently collected as fishery bycatch in the area of the Carloforte Shoal and preserved in the collection of DISVA, University of Cagliari, was used for radiocarbon dating. Analyses were carried out by AMS (Accelerator Mass Spectrometry) at CEDAD (Centre for Dating and Diagnostics), University of Salento, Italy [45] .
Two sub-samples were selected for the analyses from the core of the base and the apex of the specimen (Table 3) . Selected samples were submitted to standard processing procedures [46] at the CEDAD chemical laboratories aimed at the extraction of the organic fraction suitable for dating, at the removal of any exogenous contamination and the conversion of the samples into a form suitable to be measured with the AMS spectrometer. The selected samples were crushed to powder in a mortar, demineralized by 1% HCl at room temperature and gelatinized in acidified water (HCl, pH = 3) at 85°C. Gelatine was then filtered on 0.45 μm pore silver filters [46] . In order to chemically characterize the extracted fraction a sub-sample was obtained from each sample and submitted to FTIR (Fourier Transform Infrared) analyses that were carried out at the Chemistry-Physics laboratory of the University of Salento by using a Perkin Elmer Spotlight FTIR spectrometer in attenuated total reflection (ATR) mode. Fig. 3 shows the ATR-FTIR spectrum obtained for one of the samples (similar ones were obtained for all the analyzed samples). In the spectrum sharp and intense IR absorption peaks corresponding to collagen are evidenced (arrows in Fig. 3 ) allowing assessing that the extracted fraction is mainly composed by collagen [47] . The obtained collagen was then combusted to carbon dioxide in sealed quartz tubes together with CuO and silver wool and finally reduced to graphite at 600°C by using hydrogen as reducing agent and iron powder as catalyst [48] . The extracted graphite (1 mg ca) was then pressed in the target holders of the accelerator mass spectrometer for the measurement of 14 C/ 12 C and 13 C/ 12 C isotopic ratios. From the measured isotopic ratios conventional radiocarbon ages were then calculated according to [49] . Conventional radiocarbon ages were then calibrated to calendar years by using the MA-RINE09 calibration curve valid for marine data [50] and the OxCal Vers. 4.0 Software [51] . A local reservoir correction ΔR = 58±15 years was used as average value for the Mediterranean Sea [52] .
Results
The community of the Carloforte Shoal
The bottom of the Carloforte Shoal hosted a plurispecific megabenthic assemblage with almost 1670 specimens of 8 target coral species counted in the examined frames (Fig. 4) : the alcyonaceans Callogorgia verticillata (Pallas, 1766), Acanthogorgia hirsuta Gray, 1857, Bebryce mollis Philippi, 1842, Eunicella cavolinii (Koch, 1887), Isidella elongata (Esper, 1788), the antipatharians L. glaberrima, P. larix, and Antipathes dichotoma Pallas, 1766. The three considered habitats showed significative differences in terms of species relative abundance (Figs. 5, 6 ) (ANOSIM, p<0.0001, R 0.26). The bench terraces bordering the Southwestern side of the shoal were dominated by the antipatharian L. glaberrima (almost 1000 specimens, 79% of the total counted target organisms for this area with an average density of 0.8 ± 0.05 colonies m -2 ) (Figs. 4A-C, 6 ). In this habitat, the community hosted also C. verticillata (9%), B. mollis (5%), A. hirsuta (3%), P. larix (3%) and A. dichotoma (1%) with densities ranging from 0.02 to 0.13 colonies m -2 . Moreover, the massive sponge Pachastrella monilifera Schmidt, 1868 counted here almost 630 specimens for an average density of 0.5 ± 0.04 specimens m -2 . In the second habitat, the rocky, silted plateau, the coral community was dominated by a mixed assemblage of L. glaberrima and C. verticillata (64% and 28%, respectively). These two species showed significatively lower abundances than on the bench terraces (0.6 ± 0.11 colonies m -2 and 0.3 ± 0.07 colonies m -2
, respectively) (Kruskal-Wallis p<0.0001, H = 112.2 and p<0.001, H = 11.4, respectively) (Figs. 4D-G, 6 ). The community included also A. hirsuta (4%), E. cavolinii (2%) and B. mollis (1%), with abundances lower than 0.05 colonies m -2 . Moreover, about 100 specimens of P. monilifera were recorded, corresponding to 0.35 ± 0.05 colonies m -2 , significatively lower than on the bench terraces (Kruskal-Wallis, p<0.0001, H = 66.3).
The muddy bottom surrounding the rocky elevations hosted a monospecific population of the candelabrum-shaped alcyonacean I. elongata (212 colonies, on average 0.5 ± 0.04 colonies m -2 , with a maximum of 2.7 colonies m -2
) that has never been reported in the other two habitats (Kruskal-Wallis p<0.0001, H = 133.8) (Figs. 4H-J, 6) .
Overall, the total coral abundance is significatively lower in the muddy area (0.5 ± 0.04 colonies m In general, relevant traces of fishing impact were not found, with only 2.2% of the total video frames presenting lost gears, exclusively long-lines. All impact traces were observed on the rocky bottoms, especially on the plateau, while no traces were reported on the muddy belt surrounding the base of the explored bench terraces. Only eleven colonies of L. glaberrima and C. verticillata were observed evidently entangled in the lines.
The population of Leiopathes glaberrima
The L. glaberrima specimens of the Carloforte Shoal are characterized by an arborescent corallum sparsely branched, with a relatively long, irregularly arranged terminal branchlets, that are typically 1-5 cm long, with a 0.2-0.5 mm basal diameter (Figs. 4A-D, K; 7A-B) ( Table 4) .
The colonies are bright orange or white (Fig. 7A, D) . There is a third phenotype, light orange, whose coloration is likely given by the presence of mature eggs in the polyps (Fig. 7B, N-O) . In the investigated population, about half the specimens were white, followed by 30% of light orange colonies and only about 15% of bright orange ones. In large colonies, a complete coenenchymal layer is often lacking on the basal portion of the stem and on the anchorage, which may be covered by other organisms (Fig. 7C-F) .
The skeleton of the branchlets presents small, conical spines (0.04-0.06 mm high), organized in 3-4 longitudinal rows, and spaced apart 0.6-1.4 mm (on average 1-2 spines mm -1 ) (Fig. 7H-M) . Spines are acute absent on the stem and branches (Fig. 7G) . Adult polyps are radial, have a notable size (2-2.4 mm in transverse diameter with sagittal tentacles up to 3.5 mm long when fixed and up to 5.5 mm long alive), and are organized in a single row on the branchlets less than 1.5 mm in diameter (interpolypar distance 0.8-1.2 mm, density of 4-5 polyps cm -1 ) (Fig. 7N-Q) . Alternation among adult and juvenile polyps (1-1.2 mm in diameter) is common on these ramifications. Polyps are arranged in two sub-opposite rows on the branchlets 1.5 mm in diameter, and they may aggregate in their intersections (Fig. 7Q) . On the contrary, polyps around the stem and major ramifications are irregularly distributed (Fig. 7E) . In this latter case, they all have a smaller size (1.6 mm in diameter and may reach densities of 20 polyps cm -1 ). Fertile polyps are distributed in patches along the branchlets: each fertile polyp contains less than 50 gametes present at various stages of maturation with sperm cysts up to 230 μm in diameter, while eggs up to 260 μm in diameter. Cnidome comprehends spirocysts (abundant in tentacles and mouth) (Fig. 7R ), p-mastigophores (few in all regions) (Fig. 7S ) and various isorhizae (Type 1: very rare; Type 2: exceptionally abundant in tentacles) (Fig. 7T-U) including a peculiar large one (Type 3: very abundant in tentacles and mesenteries) (Fig. 7V) (Table 5 ).
In the Carloforte Shoal, L. glaberrima showed a typical heterogeneous distribution, with colonies aggregated in small patches, particularly along the bench terraces (Figs. 4A-C, 6 ). The colonies usually displayed a vertical development, whether some were observed also inclined, but never over-hanging. Twenty-one distinct patches were counted at a short distance from each other's along both the terraces and the plateau, comprising 7 to 186 colonies, distributed on a surface ranging from 5 to 83 m 2 . In the patches, mainly corresponding each one to a distinct rocky terrace or rocky emergence, L. glaberrima showed an average abundance of 1.4 ± 0.8 colonies m -2 (ranging from 0.3 to 2.5 colonies m -2 ). Peaks of about 8 colonies m -2 were observed in some frames. Considering the total number of counted colonies in the frames, it is possible to hypothesize the occurrence of over 2600 black coral colonies along the entire recorded video transects. The arborescent skeleton of L. glaberrima may represent a substrate for the development of numerous encrusting organisms, in particular hydroids (Sertulariidae), sponges, bryozoans, zoanthids, and polychaetes living on the dead portions of the colonies (Fig. 7F) . Occasionally it is possible to observe, on the naked branchlets, ophiuroids and crinoids, gastropods, Anomiidae bivalves, and, more rarely, small anthozoans such as A. hirsuta and B. mollis. No close symbiotic associations have been recorded with the living portions of the corals (which may produce a great amount of mucous when disturbed) with the exception of the crab Anamathia rissoana (Roux, 1828) (35 specimens counted), often observed in a pairs on the colonies (Fig. 4P ). Notable is a 2 m tall specimen (Fig. 4K) hosting at least 8 crabs within its ramifications. Various fish species find a temporary refuge in the coral, such as Anthias anthias (Linnaeus, 1758), Macroramphosus scolopax (Linnaeus, 1758), Zeus faber Linnaeus, 1758, Lappanella fasciata (Cocco, 1833), Trachurus sp., and Benthocometes robustus (Goode & Bean, 1886), the latter being one of the most characteristic of this coral species. A deep-sea school of the jellyfish Pelagia noctiluca (Forskål, 1775), with 51 specimens counted entrapped in the ramifications of the corals (Fig. 4Q) , was reported in the sampling of 2013. Eight specimens of the catshark Scyliorhinus canicula (Linnaeus, 1758) were observed in the area, moving on the muddy bottom near the rocky elevations and within the coral branches (Fig. 4O) . This species uses the ramifications of the black coral colonies to lay the eggs. A total of 743 capsules, at different stages of maturation, were observed on the colonies (Fig. 4L-N) , with some corals lacking eggs and one, 2 m tall, hosting 44 capsules. One skate's egg was also observed hanging on the same coral.
Population structure and age of the black coral colonies
A total of 155 colonies of L. glaberrima were present in the video frames in complete frontal view and therefore were considered suitable for a morphometric study. The analyzed colonies had an average height of 70 ± 3.4 cm and an average width of 69 ± 4.4 cm with a regular isometric growth ( 4K; 7C; 8b). The size frequency distribution of the heights is a curve with a maximum peak in the class of 45-50 cm. The population, however, shows also other three minor peaks, corresponding to the size classes 90-95, 120-125 and 160-165 cm and a long tail of colonies over 200 cm of height (Fig. 8c) .
Data for the conventional radiocarbon dating carried out on a sample of L. glaberrima are listed in Table 3 . Calibrated ages are also reported with a quoted uncertainty corresponding to 68.2% of confidence level. The analysis of the inner part of the base of L. glaberrima (diameter of 4 cm) from the study area was thus dated to 40 ± 55 AD (Anno Domini), which corresponds to an age of 1973 years before the date of the test (2013).
Sandy bottoms: population structure of Isidella elongata
The muddy, flat bottom surrounding the rocky terraces of the Carloforte Shoal at about 210 m depth, hosted a rich population of I. elongata (Figs. 4H-J, 6 ). Colonies, displaying the typical candelabrum-shaped morphology with a clear alternation of white carbonatic internodes and brown organic nodes along the ramifications [53] , hosted no associated megafauna.
The population structure of I. elongata, based on 109 analyzed specimens, reveals a distinct peak for the size class 40 cm high with a good representation of the juvenile size classes (Fig. 8d) . On average the colonies are 36 ± 1.2 cm tall (maximum 66 cm) and are 22 ± 1.0 cm large (maximum 55 cm) with a regular isometric growth (Spearman's rho = 0.65, p<0.001).
Discussion
Few studies have been conducted in the Mediterranean Sea to assess the impact of fishing activities on the benthic communities including long-lived marine species and they were mainly focused on the soft bottoms assemblages affected by trawlers [54, 55] . Recent ROV data suggest that also the coral communities living on rocky bottoms and acting as true oases of biodiversity [8] , are directly and indirectly impacted by fishing activities [11, 15] . A recent study found that during experimental long-line fishing activities carried out between 500-600 m depth in the eastern Mediterranean Sea using hooks targeting hake and blackspot seabream, a major coral bycatch occurred, with Antipatharia being the most frequently caught coral group [16] . Living cold water corals occurred in 72% of the long lines with an annual bycatch estimated to be of approximately 30 colonies of L. glaberrima per fisherman. High long lines bycatch values for Leiopathes species have been reported also in the Azores [56] . Differences are probably related to the abundance of the coral species in the area, to the catchability of the gear, to the morphological structure of the coral [16] and to its mechanical resistance [11] . In consideration of these data, therefore, so far, pristine black coral ecosystems can be considered rare in the Mediterranean basin as already stated for precious red coral populations [18] .
This work focused on a rich deep-sea coral community of Sardinia, an area well known for its rich red coral banks [57, 58] , but yet poorly explored for what concerns the other components of the deep-sea assemblages. The population of the Carloforte Shoal is the largest ever described so far for L. glaberrima with an estimation of over 2600 colonies in the sole explored area. This species shows a clear habitat preference, along the rocky bench terraces, which is in agreement with previous observations made along the Sicilian margin where the colonies seemed to favor elevated positions probably in accordance with local current regimes [15] . The colonies show a patchy distribution typical of all arborescent anthozoans characterized by a limited larval dispersion [12, 59, 60] . Patches typically show a high density of colonies such that the occurrence of few sparse colonies with traces of damage has been considered as a bioindicator of impacted site [11] .
This species, due to its arborescent corallum and its tendency of forming dense aggregations, fits in the definition of habitat-forming species, an organism able to three-dimensionally structure the environment and enhance its ecological functionality [3] . The black coral population of the Carloforte Shoal is inhabited by a huge variety of sessile and vagile organisms, searching for a refuge or a source of food, supporting the hypothesis that the existence of the coral canopy is able to enhance biodiversity at every level [4, 61] . The long list of sessile organisms observed here associated to L. glaberrima misses only epibiontic colonies of the scleractinians Madrepora oculata Linnaeus, 1758, Lophelia pertusa (Linnaeus, 1758) and Desmophyllum dianthus (Esper, 1794) occasionally reported on dead branches of deeper colonies [22] . Moreover, similarly to other biological structures made of large anthozoans [62] , the habitat formed by L. glaberrima hosts a nursery area [63] . Despite S. canicula may locally represent a common component of fishing stocks in the Mediterranean Sea [64] , it is not considered a threatened species [54] . However, it is evidently crucial the close dependency among the survivorship of local populations of catsharks with the existence of the coral colonies supporting their eggs. Finally, the record of numerous jellyfish P. noctiluca within the coral ramifications is in agreement with the supposed late summer-autumn vertical migration of this species recently hypothesized for nutrients-rich areas, such as canyons [65] . The jellyfish in the Carloforte Shoal were recorded entrapped within the coral ramifications with tentacles clearly entangled by the polyps, suggesting that gelatinous zooplankton may occasionally be a food source for deep-sea coral species.
This work describes for the first time the cnidome of L. glaberrima, characterized by the presence of an un-usually large isorhiza. This nematocyst closely resembles in shape the large penicilli E (16-26 x 9-10 μm) identified for the zoanthid Savalia savaglia (Bertoloni, 1819) by [66] , whether no data on the ultrastructural ornamentation of the filament is available for L. glaberrima. This isorhiza is not the largest known for black corals: Pseudocirrhipathes mapia Bo & Bavestrello, 2009 and the related species Allopathes desbonni (Duchassaing & Michelotti, 1864) and Aphanipathes verticillata Brook, 1889 are known to possess a large basitrich isorhiza (35 x 5 μm) possessing a strong taxonomic value [67] .
This work describes for the first time also the structure of a population of L. glaberrima. In the Mediterranean Sea, this datum was mainly reported for shallow waters alcyonaceans [6, 68] , and, among black coral species, it was elucidated only for A. subpinnata and P. larix [2, 12] . In the first case, the demography of the Favazzina black coral population showed a peak in the smaller size classes, interpreted as an indicator of a young population supported by a high settling rate [2] . A lack of L. glaberrima juvenile colonies on the Carloforte Shoal can partially be ascribed to the difficulty in identifying small colonies among arborescent adults in the video frames. However, in consideration of the high number of observed colonies, it is plausible that the population is well represented by at least four distinct cohorts of colonies attributable to a discontinuous recruitment and that the low abundance of juveniles may reflect an overall stable population of a slow growing organism.
For the first time the presence of millennial organisms was described in the Mediterranean Sea. Comparable ages were already reported for Leiopathes species from deeper oceanic regions [27, 35, 26, 28] , but the Sardinian record additionally suggests a millennial stability of a deepsea biocoenosis in a semi-enclosed, heavily exploited basin. Considering results of radiocarbon dating and the population size structure, it is probable that in the Carloforte Shoal's garden a major proportion of the colonies is hundreds years old with few millennial specimens. The stability of the environment and its biocoenoses is supported also by the occurrence of a large meadow of I. elongata, another deep-sea anthozoan showing slow growth rates [69] and a long life span (400 years) [70] .
It seems highly probable that the persistence of the Carloforte Shoal biocoenosis is due to the rough topography of the region characterized by numerous rocky elevations sufficiently high to avoid trawling and limiting long line fishing (Fig. 1b) . This situation preserves both the rocky communities and the population of I. elongata surviving in the small enclaves of soft bottom nearby the rocks. Due to its occurrence on incoherent grounds populated by commercial shrimps, this alcyonacean was, among the deep-sea species, one of the most commonly reported in the past as part of the coral bycatch [71] . Known to form characteristic facies in the bathyal muds of some areas of the western Mediterranean basin, I. elongata has been reported also along the western Sardinian platform slope [53] . However, at present, there are numerous indications of a substantial constriction of the areal of this species in various Mediterranean highly trawled fishing grounds [71, 72, 55, 73] as well as in artisanal fishing areas [16] and, today, it is considered rare. Small enclaves of I. elongata may therefore survive in the shallowest or deepest ranges of the species distribution, for example in shallow water refuges of muddy bottoms protected by trawling activities (as in the Sardinian case) or in grounds where trawling is forbade, for example on slope grounds or below 1000 m depth [73] .
In the last decades, the Mediterranean shallow waters have experienced deep changes generally attributed to anthropogenic pollution and global warming [74] . These changes resulted in impressive mass mortality events and quali-quantitative modifications in the composition of benthic communities [75] . On the other hand, past investigations have always suggested a high stability of the Mediterranean bathyal ecosystems [76] , even if more recent studies suggested that some modifications, due to climate changes, are influencing the quantity and quality of food reaching deep-sea ecosystems [77] . The persistence, on a millennial span of time, of the Carloforte Shoal coral population in a supposedly pristine state suggests that these variations, along the deep continental platform, may have only a limited effect on these off-shore deep-sea coral communities that, on the contrary, are very sensitive to fishing impact. Effects of fishing activities on the seabed and benthic communities have been indeed compared to those of forest clear-cutting, with an immediate reduction of the structural diversity and following alteration of biogeochemical cycles, species recovery and settling rates [78] . Effects are more severe when fishing frequency is high, especially in deep-sea ecosystems, where natural disturbance is limited and biological processes are slow [78] .
Black coral gardens represent long-term biological archives of inestimable value [29, 27, 28] and, despite the fact that new assemblages are found more frequently than what expected in the past, the consequences of their destruction is amplified by their low recovery ability due to natural fragmentation of the populations [12] , slow growth rates [26] , limited larval dispersion and population connectivity [59] , late maturity age [79] , susceptibility of the colonies to impacts and habitat destruction [11] .
Conclusions
Coral aggregations have now been internationally identified as special ecological features that require protection under the Convention of Biological Diversity [80] . More specifically, "Coral Garden" habitats, such as those formed by black corals on rocky shoals and by I. elongata on compact muds, were added to the OSPAR (Oslo and Paris Conventions for the Protection of the Marine Environment of the North-East Atlantic) "List of threatened and/or declining species and habitats" in 2007 [80] . Due to the fact that they are considered sensitive habitats, potentially impacted by deep-sea fisheries, they may be identified as Vulnerable Marine Ecosystems (VMEs). Recently, the Food and Agriculture Organization (FAO) [81] recommended the establishment of protected areas where such VMEs are known to be or likely to occur in order to put into action an ecosystem-based fishery management of deep-sea ecosystems, as recently carried out in the Gulf of Lion [42] ). Despite the European Commission has now proposed regulations against the use of trawling nets on important ecosystems as coralligenous, seamounts and white coral mounds [82] , in the Mediterranean waters, the interdiction of these deep-sea coral sanctuaries located on trawling routes or within traditional artisanal fishing grounds, would raise numerous socio-economic problems.
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